
Final Project (Please type your report and hand in before March 21, Friday)

The PBC data was collected by a Mayo Clinic trial in primary biliary cirrhosis (PBC)

of the liver conducted between 1974 and 1984. A total of 424 PBC patients, referred to

Mayo Clinic during that ten-year interval, met eligibility criteria for the randomized placebo

controlled trial of the drug D-penicillamine. The first 312 cases in the data set participated

in the randomized trial and contain largely complete data. The additional 112 cases did not

participate in the clinical trial, but consented to have basic measurements recorded and to

be followed for survival. Six of those cases were lost to follow-up shortly after diagnosis, so

the data here are on an additional 106 cases as well as the 312 randomized participants. The

data set is available in R. You can access it using the R commands

library(survival)

pbc[1:20, ]

?pbc

In this project, the outcome of interest is time to death or transplantation whichever

occurs first. R functions “surv.diff”, “coxph”, “coxph.detail” will be useful to answer the

following questions.

1. Conduct the logrank test for the treatment effect of D-penicillamine using the first 312

patients who participated in the randomized clinical trial. Report your findings.

2. Estimate the hazard ratio of the D-peniscillamine versus the placebo and the associated

confidence interval based on the Cox regression model. Report your findings.

3. Estimate the hazard ratio of the D-peniscillamine versus the placebo and the associated

confidence interval but adjusting for potential imbalance in baseline covariates, age,

serum albumin level, serum bilirubin level, edema, and standardised clotting time,

using the Cox regression model. Report your findings.
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4. Can the Cox proportional hazard models assumed in (2) and (3) be simultaneously

correctly specified? If it is possible, when? If it is not possible, why? (You don’t need

to be very rigorous here, but please explain your reason with the help of appropriate

mathematical derivations.)

5. Given the results in testing the treatment effect, the clinical investigators decided to

develop a prognostic regression model for the survival time by pooling the 312 patients

in the trial and the rest 106 patients. To this end, one may build a Cox regression

model with the baseline bilirubin level as a single covariate to predict the survival

probability of future patients. Assuming that the Cox regression model

h(t|Z) = h0(t)e
β0Z

is correctly specified, where Z is the baseline bilirubin level, obtain and plot the esti-

mated survival function for a new patient with a bilirubin level of 5.0 mg/dl based on

the fitted Cox model.

6. (Bonus Question, Not Required)

Assuming that the observed data consist of (Ui, δi, Zi), i = 1, · · · , 418, one may check

the goodness of fit of the assumed Cox model in (5) with the cumulative martingale

residual process:

W (z) =
1√
n

n∑
i=1

I(Zi ≤ z)M̂i,

where M̂i = δi −
∫∞
0

I(Ui ≥ s)eβ̂ZidĤ0(s) = δi − eβ̂ZiĤ0(Ui), β̂ is the maximum partial

likelihood function for β0,

Ĥ0(t) =
n∑

j=1

∫ t

0

dNj(s)

S(0)(β̂, s)
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is the Breslow estimator for the baseline cumulative hazard function and

S(0)(β, s) =
n∑

j=1

eβZjI(Uj ≥ s).

Let S(k)(β, s) =
∑n

j=1 Z
k
j e

βZjI(Uj ≥ s) andQ(k)(β, s, z) =
∑n

j=1 Z
k
j I(Uj ≥ s)eβZjI(Zj ≤

z), k = 1, 2, 3 and denote the limits of n−1S(k)(β, s) and n−1Q(k)(β, s, z) by s(k)(β, s)

and q(k)(β, s, z), respectively. We can define two random processes

W̃ (z) =
1√
n

n∑
i=1

∫ ∞

0

[{
I(Zi ≤ z)− q(0)(β0, s, z)

s(0)(β0, s)

}
− a0(z)

d0

{
Zi −

s(1)(β0, s)

s(0)(β0, s)

}]
dMi(s)

and

Ŵ (z) =
1√
n

n∑
i=1

∫ ∞

0

[{
I(Zi ≤ z)− Q(0)(β̂, s, z)

S(0)(β̂, s)

}
− â(z)

d̂

{
Zi −

S(1)(β̂, s)

S(0)(β̂, s)

}]
dNi(s)×Gi,

where

Mi(t) = I(Ui ≤ t, δi = 1)−
∫ t

0

I(Ui ≥ s)eβ0Zih0(s)ds

a0(z) =

∫ ∞

0

{
q(1)(β0, s, z)−

s(1)(β,s)

s(0)(β, s)
q(0)(β0, s, z)

}
h0(s)ds

d0 =

∫ ∞

0

[
s(2)(β0, s)−

s(1)(β0, s)
⊗2

s(0)(β0, s)

]
h0(s)ds

â(z) = n−1

∫ ∞

0

{
Q(1)(β̂, s, z)− S(1)(β̂, s)

S(0)(β̂, s)
Q(0)(β̂, s, z)

}
dĤ0(s)

d̂ = n−1

n∑
i=1

∫ ∞

0

S(2)(β̂, s)

S(0)(β̂, s)
−

{
S(1)(β̂, s)

S(0)(β̂, s)

}⊗2
 dNi(s),

and {G1, · · · , Gn} are i.i.d N(0, 1) random variables independent of the data.

• Show that if the Cox model is correctly specified, then the process W (z) is asymp-

totically equivalent to the process W̃ (z) (Heuristic derivations are adequate here,

i.e., no need to worry too much about the uniform convergence, exchange of inte-
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gration and limit et al. in the project.).

• Using the fact that the conditional distribution of the Gaussian process

Ŵ (z)|(Ui, δi, Zi), i = 1, · · · , n

can be used to approximate that of W (z) when Cox model is correctly specified

to conduct a test for the assumed proportional hazards assumption on bilirubin.
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